Abstract. The present paper aims at finding optimal parameters for trapping of Cs2 molecules in optical lattices, with the perspective of creating a quantum degenerate gas of ground-state molecules. We have calculated dynamic polarizabilities of Cs2 molecules subject to an oscillating electric field, using accurate potential curves and electronic transition dipole moments. We show that for some particular wavelengths of the optical lattice, called "magic wavelengths", the polarizability of the ground-state molecules is equal to the one of a Feshbach molecule. As the creation of the sample of ground-state molecules relies on an adiabatic population transfer from weakly-bound molecules created on a Feshbach resonance, such a coincidence ensures that both the initial and final states are favorably trapped by the lattice light, allowing optimized transfer in agreement with the experimental observation.
where the angled brackets express the time average of the fast oscillating terms of E and p. The imaginary part of the polarizability ℑ(α(ω)) describes the absorption of the system through the power P abs absorbed by the oscillator
These two quantities characterize the main properties of a dipole trap. The generic expression of the polarizability for a diatomic molecule in a state |i > is
where the summation is covering all the accessible states |f > with natural width γ f of the molecule through dipolar transitions with frequency ω if characterized by the transition dipole moment d(R)R, where R is the internuclear distance andR the corresponding unit vector. This somewhat symbolic notation will be explained below, but we mention that the angled brackets refer to the spatial integration over all internal coordinates of the system. As is well known, an important feature of the optical dipole trap is the sign of the real part of the dynamic polarizability. In the case of a two-level system the situation is simple:
when the laser frequency of the dipole trap is red detuned compared to the transition between the two states, the dynamic polarizability is positive and the dipole potential is attractive; in contrast, when the detuning ∆ is to the blue, the dipole potential is repulsive. In the case of a multilevel system the situation is more complicated as resonances can compensate each other in the sum of Eq.(3), 1 et al.: Optimal trapping wavelengths of Cs2 molecules in an optical lattice.
so that it is not obvious to predict when ℜ(α) will be appropriate for trapping. We will see an illustration of this issue in the next sections.
The squared matrix element of Eq.(3) can be expressed in a more explicit way for a diatomic molecule relevant for the present study. Assuming that the |i > (|f >) states are labeled with the symbols Ξ i (Ξ f ) for the electronic molecular state,
, and Λ i (Λ f ) for the total angular momentum and its projection on the Z axis of the laboratory frame and on the molecular axis z, and
for the vibrational level, one finds for a linearly
where (µ x ± iµ y ). The angled brackets in Eq. (4) refer to the integration on R, assuming that the vibrational wave functions are independent of the rotational level of the molecule, which is relevant for the low J values investigated here. The non-vanishing matrix elements should fulfill the usual selection rules ∆Λ = 0, ±1 and
For the X 1 Σ + g ground state of an alkali-metal dimer
for Σ − Σ transitions, and
for for Σ − Π transitions. Therefore, the dynamic polarizability α i (ω) can be rewritten in the compact form
where α i (ω) and α i⊥ (ω) are the polarizabilities along the molecular axis (related to Σ − Σ transitions) and perpendicular to the molecular axis (related to Σ − Π transitions), respectively. If J = 0 one finds the isotropic situa- 
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Πu transitions, respectively. The four-step STIRAP sequence used in the Innsbruck experiment is recalled for clarity.
(for b), (ii) the energy of the highly-perturbed levels observed in the Innsbruck experiments [9, 25, 26] . The molecular (R-dependent) SO coupling function is taken from the ab initio determination of Ref. [27] . Note that a detailed 1 et al.: Optimal trapping wavelengths of Cs2 molecules in an optical lattice.
-5000 -4000 -3000 -2000 Energy (cm and 12800 cm −1 shows an abrupt change of sign of ℜ(α)
around 11200 cm −1 , which could be checked experimentally.
R The dynamic polarizability of a cesium atom can be written as [31] α
The dominant contribution α v comes from the valence electron and is calculated with Eq.3, where the energy of the atomic transitions and the transition dipole moments are taken from Ref. [32] . The small contribution α c involving core-excited state is chosen somewhat empirically as the difference at ω = 0 between our value for α v , and the one of Ref. [31] 
